F armworke rs labor under some of the worst conditions of any group of workers in the United States. Farm work not done by farm owners and their families is largely performed by ethnic minorities, primarily Hispanics of Mexican origin, who may comprise 80% to 90% of the work force (Martin , 1985) . American blacks comprise the next largest group, with a smal1er number of Haitians, Filipinos, Vietnamese, Laotians, Koreans, Jamaicans, and others. The U.S. Department of Agriculture (USDA) estimates an annual agricultural work force of approximately two mil1ion hired workers and three mil1ion farm owners and their families (unpaid). California, Texas , and Florida are the leading states in number of hired farmworkers (USDA, 1986) .
THE WORKERS
Farmworkers are excluded, completely or partial1y, from federal laws that protect other workers including: the National Labor Relations Act (which guarantees the right to join a union and bargain col1ectively); the Fair Labor Standards Act (which governs minimum wage and child labor); and the Occupational Safety and Health Act (which governs standards of health and safety in the workplace). Furthermore, most migrant farmworkers are excluded from state laws such as workers' compensation and unemployment insurance.
THE WORKPLACE
The USDA defines a farm as a place that sel1s or could sel1 $1000 of agricultural products during the year. There are 2,214 ,429 farms in the U.S., and one billion acres of cropland (not including pasture and Farmworkers labor under some of the worst conditions of any group of workers in the United States.
rangeland). The average farm size is 455 acres; however, 14% of the farms with the highest income control 50% of the land (USDA, 1986) .
The largest amount of acreage in the U.S . is in crops such as corn , wheat, soybeans , and cotton, in which cultivating and harvesting is almost completely mechanized. Labor-intensive crops, primarily fruits and vegetables still require large numbers of workers for handcultivating and harvesting. It is the picking of these crops , which Edward R. Murrow cal1ed "The Harvest of Shame," that is the major work of the migrant and seasonal farmworker.
The agricultural workplace poses man y hazards related to the use of tractors, harvesters, ladders, irrigation and other equipment and machinery. Other hazards include heat stress, bee stings, snake bites , dusts, and airborne al1ergens. This review wil1 focus on an additional and more insidious hazard faced by agricultural workers-pesticide exposure.
PESTICIDE USE IN AGRICULTURE
Almost all commercial crops in the LJ .S . are heavily and repeatedl y spra yed with chemical pesticides, the majority of which are toxic materials that pose both acute and chronic health problems to exposed workers.
The largest single user of pesticides in the U.S. is agriculture, which, in 1985 , accounted for 77% of nationwide usage of 1.08 bil1ion pounds (does not include wood preservatives); and 78% of expenditures of $4.6 bil1ion (U.S. Environmental Protection Agency, 1986) . In California, where approximately 250 mil1ion pounds of pesticides are used annual1y, 92% is used in agriculture.
Pesticides must be registered with the Environmental Protection Agency (EPA) before they can be legal1y sold or used in the U.S. Of the 1,200 pesticide active ingredients currently registered, about half are used in agriculture. These pesticide active ingredients are combined with other so-called "inert" ingredients into approximately 35,000 different commercial products or formulations.
Inert ingredients , which may be as toxic or even more toxic than the pesticide itself, are neither required to be tested for acute and chronic health effects nor listed by name on the pesticide label. Inert ingredients may comprise 90% or more of a registered pesticide product, but due to " tr a d e secret" provisions of the Federal Insecticide Fungicide Rodenticide Act (FIFRA), the identity of these ingredients cannot be released to the public (even in cases of serious poisoning) by state or federal regulatory agencies.
The pattern of pesticide use in agriculture has changed greatly, with a 175% increase in herbicide use from 25 years ago; herbicides now represent two thirds of all usage. Widely used herbicides include: alachlor (Lasso), Atrazine, 2,4-0, Paraquat (Gramoxone), Simazine (Princep), and trifluralin (Treflan). The use of the less persistent but more acutely toxic organophosphate and N-methyl carbamate insecticides has increased with the banning or restriction of the environmentally persistent chlorinated hydrocarbons (DD'f, Aldrin, Dieldrin, Lindane, Chlordane, Heptachlor, and Toxaphene Highly toxic fumigants such as methyl bromide and 0-0 (Telone or 1,2-d ich loropropane/1, 3-d ichlo ropropene) are being used in increasingly larger amounts as replacements for DBCp, banned in 1979, and ethylene dibromide, banned in 1984. While fungicides represent a small percentage of total volume of pesticide use, they are important because many are carcinogens and/or teratogens, They are used extensively on fruits and vegetables and may persist as residues in the marketed fresh or processed product (National Academy of Science, 1987). Widely used fungicides include Benomyl, Ca pta n , chlorothalonil (Bravo, Daconil), Maneb, and Mancozeb (Dithane).
ENVIRONMENTAL PESTICIDE
EXPOSURE Pesticides are among the few toxic materials deliberately added to the environment. Their use in agriculture is a major source of involuntary exposure of the general public to carcinogens due to contamination of fresh and processed food by persistent pesticide residues, most of which cannot be washed off or degraded by cooking.
The dominance of chemical pest control in agriculture in the U.S. began in the middle and late 1940s. By the middle 1950s, evidence of widespread contamination of fish, birds, and wildlife by pesticides was mounting. EPA and other monitoring agencies throughout the world have shown that pesticide contamination
The primary route of worker exposure to the majority of pesticides is the skin, and not, as commonly believed, the respiratory system.
is global, including snow caps of the highest mountains and core samples from the arctic ice pack. A recent California study shows that pesticides concentrate in fog (Glotfelty, 1987) . Humans are contaminated with pesticides, especially fatty tissue. Breast milk is contaminated with a variety of pesticides (Rogan, 1980; Savage, 1981) , with high levels in the U.S. found in women in the rural south (Barnett, 1979) . The highest have been reported in farmworker women in cotton growing areas in Central America (deCampos, 1979) . Many pesticides cross the placenta, and newborn infants are already contaminated at birth.
A problem inherent in current pesticide application technology is drift, or dispersal of the pesticide away from the site of application. Only 10% to 15% of applied pesticides actually reach the target pest, with the remaining 85% to 90% dispersed off-target to air, soil, and water through drift, runoff, volatilization, off-gassing, etc. (Matthews, 1982) .
Pesticides can drift as far as 50 miles from the site of application, depending on particle size and wind conditions. Pesticide residues can be persistent soil contaminants and a continuing source of contamination from runoff as well as dust. A dust storm was found to have carried pesticides from Texas to Ohio (Akesson, undated) . Significant concentrations of almost all pesticides applied aerially or by ground rig sprayers can drift up to a mile or more from the site of application, even under the best wind conditions (Akesson, 1964; Matthews, 1982) .
Communities that abut agricultural land are at risk from pesticide drift, and while some episodes of illness have been reported (Goldman, 1987; Ratner, 1986) , the extent of the problem is essentially unknown and undocumented. In 1987 in California, pesticide drift caused three major evacuations of community residents-two from Guthion being used in peach orchards and one from methyl bromide off-gassing from a gladiola field.
Agricultural pesticide use is the major cause of non-point source contamination of groundwater (a nonpoint source means there is not a single identifiable place such as a toxic dump, factory, sewer line, etc. causing the contamination, see Table 1) . Nationwide, 50% of the drinking water supply is from groundwater and in rural areas, 90% or more.
OCCUPATIONAL PESTICIDE EXPOSURE IN AGRICULTURE
The primary route of worker exposure to the majority of pesticides is the skin, and not, as commonly believed, the respiratory system. Fumigants, which are in the form of gases, are a notable exception. This accounts, in part, for their greater toxicity. However, the skin is a source of absorption for them as well (van den Oever, 1982 (van den Oever, , 1984 . Persistence of pesticides on the skin for many months after the last known exposure has been shown (Kazen, 1974) .
Workers who mix, load, and apply pesticides are exposed to the concen-trated form of the pesticide. A large number of workers are exposed from the use of ground rig spray equipment. A common method uses tractor-mounted or drawn tanks with attached booms and nozzles that vary in number and size. Most are opencab with minimal protection for the applicator. Air blast sprayers, used in nut and fruit groves and orchards, are among the most highly polluting equipment.
Nationwide, the percentage of pesticides applied by fixed-wing aircraft or helicopters (called crop dusters) is unknown. In California, it is estimated that more than half are applied by such methods. The pilots are less at risk of poisoning than the ground crews who mix and load the pesticide, and especially the flaggers who direct the crop duster from the ground.
Ch e m i ga t io n , or putting the pesticide in the irrigation water, is increasing. Pesticides are also incorporated into soil (usually granular formulations), or as in the case of fumigants, injected into the soil and then tarped with plastic sheeting to minimize loss from off-gassing. Animals are also treated with pesticides, externally through the use of "dips," or in their feed. Residues of pesticides from such use can then contaminate the meat, milk, eggs, gelatin, and other animal products.
Fieldworkers who harvest and cultivate crops are exposed to residues of pesticides, primarily on leafy surfaces (dislodgeable residues), but also on the crop itself or in the soil or duff (decaying plant and organic material that collects under vines, trees, etc.), Farmworkers are also exposed to pesticides by crop dusting aircraft or ground rig sprayers applying pesticides to adjacent fields, often the very field in which they are working.
ACUTE HEALTH EFFECTS
OF PESTICIDES Acute health effects of pesticide exposure range from eye and upper respiratory tract irritation and contact dermatitis to systemic poisoning, which can lead to death.
The number of workers in the United States affected by pesticides is unknown, although estimated at 300,000 a year (Wasserstrom, 1985) . A Nebraska study of emergency room visits and hospitalizations for pesticide-related illness, conducted during the 1984-85 crop season, found an annual incidence of 1.35 cases per 10,000 population.
The great majority of workers do not know the names of pesticides to which they are exposed or the acute and chronic risks to their health.
Organophosphates were responsible for 25% of the incidents and anhydrous ammonia for 33% (Rettig, 1987) .
Only the state of California requires mandatory reporting of pesticide-related illness, with 1,211 cases in 1986 (California Department of Food and Agriculture, 1987). However, the California system is based on doctor reporting through the workers' compensation system. Many affected workers never see a doctor, are not properly diagnosed or are unaware of their rights under the law (Kahn, 1976; Wasserstrom, 1985) . The most frequently mistaken diagnoses in workers with pesticide poisoning are flu and gastroenteritis.
The organophosphate pesticides, similar to nerve gas in their effects on the nervous system (inhibition of the enzyme cholinesterase), are the most toxic, and have been responsible for the great majority of systemic poisonings and deaths in agricultural workers. Other highly toxic pesticides that have caused serious illness and death Moses include the dinitrophenol class of chemicals and the fumigants. The large body of literature on the diagnosis and management of acute pesticide poisoning will not be discussed in detail in this review (Hayes, 1982; Namba, 1971; Morgan, 1982; Tafuri, 1987) .
Many poisonings of entire crews of farmworkers from skin absorption of pesticide residues on crops they were picking have been documented (Midtling, 1984; Peoples, 1978; Saunders, 1987) . Most are from organophosphate pesticides, especially Parathion.
To prevent these poisonings, California set quarantine times in 1972, or "reentry intervals" for some pesticides-making it illegal for workers to enter a field for a specified amount of time after it had been sprayed. California is the only state to have its own reentry intervals, which are much longer and cover more crops and pesticides than the weaker EPA standards promulgated later (see Table 2 ). If no specific reentry intervals have been set, the fields may be reentered legally (but not necessarily safely) "when dusts have settled and sprays have dried."
These intervals do not always protect workers from acute illness, and there have been poisonings even when the legal reentry time was observed (Saunders, 1987) . The author investigated the following situation, which illustrates the failure to protect workers: A 32-year-old worker who was sent into a tomato field that had been sprayed one hour before with the organophosphate, Monitor (methamidophos), died six hours later. Reentry intervals do not address the problem of worker exposures to residues of carcinogenic pesticides or pesticides with other potential chronic effects.
EFFECTS OF PESTICIDES
ON THE SKIN More than 40% of all reported occupational diseases in the U.S. are disorders of the skin. The actual incidence is estimated to be ten to 50 times higher than the reported incidence of 1.5 cases/l,OOO. 
BI-Sufficient evidence of carcinogenicityfrom animal studies 'ill'ith limited ecidenrefrom epidemiologir studies. B2-Sufjicient evidence of carcinogenicityfrom animal studies. 'ill'ith inadequate or no epidemiologir data.
Workers in agriculture are at a four times greater risk of skin disease than workers in other industries. Most pesticide-related skin problems are primary irritant or contact dermatitis. However, pesticides can also cause allergic contact dermatitis, which can become a chronic problem-in some cases the workers can be permanently disabled since they cannot tolerate even minute exposures to the pesticide. Often the condition is aggravated by sunlight, adding to the disability.
Pesticides shown to be sensitizers, ie, cause allergic contact dermatitis include: alachlor (Lasso), Benomvl (Benlate), Borran, Captan, Captafol (Difolatan), Dazomet, Dyrene (Anilazine), malathion, Maneb, Mancozeb, Naled (Dibrom), PCNB (Pentachloronitrobenzene), Propachlor, Pyrethrum, Rotenone, Thiram, Zineb, and Ziram, among others (Adams, 1983) .
A major difficulty in making the diagnosis of allergic contact dermatitis from pesticide exposure in agricultural workers is determining if the dermatitis is from the pesticide or the crop itself. Crops that can cause allergic dermatitis include: artichokes, asparagus, brussel sprouts, cabbage, chicory, chives, citrus, garlic, leeks, onions, and pineapple, among others. Patch testing is neces- sary to identify the allergen and confirm the diagnosis.
CHRONIC EFFECTS OF PESTICIDES
Little is known about the extent or magnitude of chronic health problems related to occup ational exposure to pesticides because appropriate studies have not been done . Nor is the maintenance of records of pesticide usage that would document exposures required by current law. Most workers are exposed to man y different pesticides (and "inert" ingredients) over a working lifetime and have many different employers, often for only short periods of time. The great majority of workers db not know the names of the pesticides to which they are exposed or the acu te and chronic risks to their health.
Lack of record-keeping and the failure to document exposures and illness are reasons for little worker population-based scie ntific data on the extent of chronic health problems in farmworkers from pesticide exposures. In this regard , the almost universal response of the agricultural industry to concerns of farmworker health effects from chronic, low-level exposure to pesticides is: if there were a problem we would know about it.
Farmworkers
Another problem in documenting chronic and delayed health effects from farmworkers' exposure to pesticides is the long period of clinical latency for some of the effects, especially cancer. The time from last exposure to development of disease may range from 15 to 30 years.
A large percentage of the pesticides widely used in agriculture are animal carcinogens and/or teratogens (see Tables 1 and 3) . Enormous deficiencies in the toxicology submitted to EPA by the agrichemical companies on the acute and chronic toxicity of their products have been reported (Begley, Scandal in the testing lab. Newsweek, May 30:83, 1983) . These data gaps and their implications for the safety of workers, consumers and the environment have been the subject of many reports (National Academy of Science, 1987; Mott, 1984; U.S. General Accounting Office, 1980 , 1986c .
Based on what is known from laboratory animal studies and from the few human studies, chronic effects of concern in pesticide-exposed populations include cancer, birth defects, neurobehavioral deficits, neuropsychological changes, and reproduction and fertility problems. Such chronic effects may occur with no indication of any acute health effects, even with long-term exposure over a working lifetime. Chronic effects can occur though exposure to the pesticide ceased many years before.
PESTICIDES AND CANCER
IN HUMANS Several of the early studies of cancer in humans exposed to pesticides were done at pesticide manufacturing plants and reported no evidence of increased risk of cancer. Such early reports were used to conclude that pesticides could be used safely and posed no carcinogenic risk to occupationally exposed workers, or to the general population exposed to much lower levels.
Drawing such conclusions from these studies is problematic. The number of deaths was very small, and a low incidence cancer (such as lym-phoma, liver, brain) may not have been found because the sample was too small or the clinical latency period was too short. Since cancer is a disease of long latency, too few years might have passed for the effect to be demonstrated. Both of these factors could bias the studies toward finding no signi fican t effects (Sh indell, 1986 ). In addition, many of these studies had serious design flaws, and
Little is known about the extent or magnitude of chronic health problems related to occupational exposure to pesticides because appropriate studies have not been done.
some were based on poorly documented company records. Several occupational groups whose pesticide exposure may put them at increased risk of cancer have been studied. Among them are farm owners and managers, farmworkers, pesticide sprayers, structural pest control operators (exterminators), pesticide manufacturing workers, and grain mill workers.
Malignant Lymphoma
Increased risk for malignant lymphoma has been found in farmers in California (Stubbs, 1984) , Iowa (Burmeister, 1981 (Burmeister, , 1983 , Minnesota (Cantor, 1985) , Utah (Schumacher, 1985) , Wisconsin (Saftlas, 1987) , and New Zealand (Pearce, 1985) ; and in grain mill workers (Alavanja, 1987b) .
A case-control study in Kansas found increased risk of non-Hodgkin's lymphoma in farmers who used herbicides more than 20 days a year; even higher risk was found for farmers who frequently mixed or applied herbicides themselves. The excess mortality was associated with exposure to the herbicide 2,4-0 (Hoar, 1986) .
In Iowa and Minnesota farmers, excess mortality for non-Hodgkin's lymphoma was associated with exposure to methyl bromide, pentachlorophenol, insecticides, and herbicides . Increased risk for small cell lymphocytic lymphoma was associated with exposure to nicotine, lindane, glyphosphate (Roundup), Atrazine, and Cyanazine, and, for all types of non-Hodgkin's lymphoma, with exposure to DDT; chloramben, and carbofuran (Cantor, 1985) .
One case study reports two California firemen who had cleaned up a tank truck spill of the fumigant 1,3dichloropropene and died six years later of malignant lymphoma (Markovitz, 1984) .
Leukemia
Increased risk for leukemia has been found in farmers in Iowa (Burmeister, 1981 (Burmeister, , 1982 , Minnesota (Blair, 1985a) , Nebraska (Blair, 1979 (Blair, , 1985b , North Carolina (Delzell, 1985) , Oregon and Washington (Milham, 1971) , Wisconsin (Saftlas, 1987) , and British Columbia (Gallagher, 1984) .
In Iowa and Minnesota farmers, excess risk of leukemia was associated with exposure to Ethoprop, nicotine, Methoxychlor, and DDT (Blair, 1985a) , and with exposure to insecticides and herbicides . In Iowa, the risk was higher for farmers who lived in the counties using the most herbicides (Burmeister, 1982) , and in Nebraska for farmers from high insecticide use counties (Blair, 1979) .
Multiple Myeloma
Increased risk for multiple myeloma has been found in farmers in Iowa (Burmeister, 1981 ), Washington (Milham, 1971 , Wisconsin (Cantor, 1984; Saftlas, 1987) , Australia (Nandakumar, 1986) , and Sweden (Wiklund, 1986a) ; in Finnish herbicide sprayers (Riihimaki, 1982) , and in orchard farmers in New Zealand (Pearce, 1985) . In Wisconsin farm ers, excess risk for mu lt iple myeloma was fou nd in those bo rn afte r 1905 a n d li v ing in high insectici d e u se c oun ti e s (Ca n tor, 1984).
A case-con t rol study usin g Su rve illa nce Epidemiology an d End Re sults (S E E R ) data in se lec ted cou nties in Wash in gton Sta te an d Uta h, an d in me tropol itan Atlanta and Detroit , found th e highest risk for m ultiple myeloma in su bjects who reported past exposure to pesticides (Mo rris, 1986).
Testicular Cancer
Increased risk of testicular can cer has been found in farmers and farm managers in E ng la nd and Wal e s (McDowall , 1984) and in agricul tural workers in Texas (Mi lls, 1984 ) .
S ta tistically n o n s ign ifi c an t in -creased risk of testicul ar cancer has bee n found in pest control operators in Swede n, w he re mortality ratios were shown to inc rease from 1961-66 to 1967-73 to 19 74-79 (Wi k lu n d , 1986b ). Statistically no nsigni fica nt increased risk was found in farmers in Wi scon sin (Saftlas , 198 7) , an d in pesticide manufacturing worke rs in Michigan and Arkansas where the only common ex posure the workers had was to methyl bromide (Wong, 1984) . Two cases of testicular cancer in 30-year-olds, diagnosed within a year of each other, were reported in Illinois. Both had had occupational exposure to pesticides at the same canning plant (Prabhakar, 1978) .
Cancer of the Gastrointestinal Tract
Increased risk for liver cancer has been found in agricultural workers in New Jersey (Stemhagen, 1983) and in Swedish grain millers (Alava nja , 1987b). A trend for increasing risk of liver cancer from 1961 to 1979 was found in Swedish farmers (Wilkund, 1986a) . Statistically nonsignificant elevated risk has been found in pesticide manufacturing workers (Wong, 1984) ; and for liver/gallbladder cancer in California farmworkers, both white (includes Hispanics) and nonwhite, and in farm owners, both white (includes Hispanics) and nonwhite (Stubbs, 1984) .
A five-center collaborative study found statistically nonsignificant elevated risk of liver cancer for pesticide exposure, employment in agriculture, employment in livestock agriculture, and for occupation as farmer or farmworker. No consistent trend between years of farming and risk was demonstrated (Austin, 1988) .
Increased risk of stomach cancer has been found in farmers in Iowa (Burmeister, 1981) , British Columbia (Gallagher, 1984a), Wisconsin (Saf-t1as, 1987) , and Sweden (Wiklund, 1986a) ; and in farmworkers in California (Stubbs, 1984) . Statistically nonsignificant elevated ratios were found in British Columbia farmworkers (Gallagher, 1984b) ; and in pesticide manufacturing workers (Mabuchi, 1980) . . Excess mortality from pancreatic cancer has been found in grain mill workers (Alavanja, 1987a) ; and in farmers in British Columbia (Gallagher, 1984b), Iowa (Burmeister, 1981) , and Wisconsin (Saftlas, 1987) . Statistically nonsignificant elevated ratios were found in East German pesticide sprayers (Barthel, 1981) and British Columbia farmworkers (Gallagher, 1984a, b) .
Lung Cancer
Excess mortality from lung cancer has been found in Florida pest control operators (Blair, 1983) ; in Maryland pesticide manufacturing workers (Mabuchi, 1980) ; and in East German pesticide sprayers (Barthel, 1981) . Statistically nonsignificant increased ratios were found in U.S. pest control operators (Wang, 1979);  In the 1970s, several case reports suggested a possible association between pesticide exposure and cancer in children.
in California farmers (Stubbs, 1984) ; in pesticides sprayers in England and Wales (Coggon, 1986) ; and in Finnish pesticide sprayers (Riihimaki, 1982) .
Brain Cancer
Excess mortality from primary brain cancer was found in California farmworkers (Stubbs, 1984) and farmers in Italy (Musicco, 1982) . Statistically nonsignificant elevated ratios were found in Florida pest control operators (Blair, 1983) ; in herbicide sprayers in England and Wales (Coggon, 1986) ; in pesticide manufacturing workers (Wong, 1984) ; and in farmers in Iowa (Burmeister, 1981) , North Carolina (Delzell , 1985) , and Wisconsin (Saftlas, 1987) .
CANCER IN CHILDREN AND PESTICIDE EXPOSURE
In the 1970s, several case reports suggested a possible association between pesticide exposure and cancer in children. In Ohio, five children were diagnosed .with neuroblastoma at the same hospital in the same year and all of the mothers of the children had prenatal exposure to chlordane (Infante, 1978) .
Nine cases of colorecral cancer, a rarity in children, were diagnosed at the same hospital within a two-year period; eight of the children were from rural areas in Mississippi, Arkansas, or Tennessee and had had insecticide exposure (Pratt, 1977) . This same investigator reported a case of colon cancer in a child who had lived in Times Beach, Missouri, where he had potential exposure to dioxin (Pratt, 1986) .
A study in Baltimore, Maryland, found children with primary brain cancer were more likely to have had pesticide exposure in the home than children without cancer. Household insecticides were reported to be associated with leukemia and aplastic anemia in children (Reeves, 1982) . A study of children in Los Angeles with acute lymphocytic leukemia found increased risk for children whose parents used pesticides in the home, with the risk being even higher for lawn or garden use (Lowengart, 1987) .
A cluster of childhood cancer has been reported from agricultural communities in the San Joaquin Valley of California. In McFarland, over a period of three years, eight children were diagnosed with cancer when two cases would have been expected. The types of cancer were two cases of Wilms' tumor and one case each of non-Hodgkin's lymphoma, neuroblastoma, astrocytoma, osteogenic sarcoma, fibrosarcoma and rhabdomyosarcoma (California Department of Health Services, 1988; Kern County Health Department, 1986) . Since this report, two more cases of cancer have occurred in children in McFarland; a 14-year-old boy died of hepatoblastorna in November 1987 and a case of primary brain tumor has been diagnosed recently.
No direct evidence implicates pesticides in these cancers but Kern county, where McFarland is located, is the second leading pesticide use county in California, annually using approximately 11% to 12% of all restricted-use pesticides in the state (California Department of Food and 
REPRODUCTIVE OUTCOME AND PESTICIDE EXPOSURE
Many pe sticides have been shown to be te ratogenic, e mbryotoxic or fetoto xic, causing th e equivalent of spontan eo us abortion, death of the fetus in utero, or a broad range of developmental, beh avioral or growth pr oblems . Other effec ts o n the rep roductive syst em of lab oratory animals include infe rt ility, ste rility and c h ro m oso m a l a bn orma l it ie s (Schardei n, 1985b).
DBCP and Sterility in Humans
In 1977, seve ral men work ing in the pesticide formulation division of a California chemical company noticed they had not recen t1y fathered children. All of the men had exposure to the agricultural fumigant 1, 2-d i b ro mo-3-c h loro p ropa n e (DBCP). Five of the first men tested were shown to be either azoospermic, with total absence of sperm, or oligospermic, with very low sperm counts of less than 20 million.
Further study of male employees at the plant found that of those men exposed to DBCp, 13% were sterile or azoospermic (com pared to 2.9% of workers with no exposure), 16.8% had very low sperm counts or were oligospermic (compared to none of the nonexposed), and 15.8% had lowered sperm counts (compared to 5.7% of the nonexposed workers). Two of the sterile workers had not had any exposure to DBCP in nine and 13 years respectively, and both had fathered children prior to their exposure to the pesticide. None of the sterile men showed any improvement one year later (Whorton, 1979 (Whorton, , 1980 . A follow-up five to eight years after all exposure to DBCP ceased found that for some of the workers the damage to their testes was permanent (Eaton, 1986) .
When the sterility in the workers in California was discovered, studies of other workers exposed to DBCP and a similar pesticide, ethylene dibrornide (widely used as a grain fumigant), were done. Sperm counts of agricultural workers in six different southern states with exposure to DBCP showed low sperm counts (Sandifer, 1979) .
Decreased fertility was found in workers at a plant in Arkansas that manufactured ethylene dibromide (Wong, 1979) . Sterility was found in men working at a DBCP plant in Israel (Potashnik, 1978) .
DBCP was used by injecting it into the soil. It is now the most widespread contaminant of groundwater in the state of California and of drinking water in many agricultural valley towns, where thousands of wells have been capped, due to the contamination (California Legislature, 1985; Russell, 1987) . Both DBCP and eth-ylene dibromide are potent animal carcinogens.
Birth Defects
Birth defects are the leading cause of infant mortality and a major cause of infant morbidity in the U.S. They are relatively rare, occurring in 3% to 7% of all births. The cause is known for only a small percentage of birth
First trimester pesticide exposures have been associated with birth defects and occasional case reports and legal cases.
defects (eg, alcohol, certain drugs, certain viruses, ionizing radiation, chromosomal defects). For 65% of birth defects, the cause is unknown (Janerich, 1983) . In one of the few studies of farmworkers, all births in a California County Hospital were investigated to determine any difference in the prevalence of birth defects in infants born to agricultural workers and nonagricultural workers. An increased prevalence of limb-reduction defects was found in infants of agricultural workers (Schwartz, 1986) . A larger follow-up study showed an association between residence in agricultural counties and limb-reduction defects (Schwartz, 1988) .
In occasional case reports and legal cases first trimester occupational pesticide exposures have been associated with birth defects. In a recent limb-reduction defect case settled out of court, the farmworker mother's exposure was to the fungicides Captan and Benomyl sprayed in the vineyard where she was picking grapes.
In another recent case, a woman was exposed while picking cauliflower that had been sprayed with Metasystox-R, a known animal teratogen. She delivered a chromosomally normal child with multiple severe defects that only survived a short time (Midtling, in press).
Studies in Arkansas (Nelson, 1979 ), New Zealand (Hanify, 1981 , and Hungary (Thomas, 1980) have been done to determine if parental environmental or occupational exposures to the phenoxy herbicides, mainly 2,4,5-T and 2,4-0, were associated with birth defects. None have found any significant associations between these herbicides and major structural defects.
Vietnam veterans have also raised concerns about their exposure to the combination of the phenoxy herbicides 2,4-0 and 2,4,5-T known as "Agent Orange." Two well-conducted case-control studies done by the Centers for Disease Control in Atlanta and by the Australian Government found no relationship between service in Vietnam and fathering a child with a birth defect (Australian Government, 1983; Erickson, 1984) .
The State of California has recently set up a birth defects monitoring program for 60% of all births in the state, which includes major agricultural areas. A California law (SB950, 1984) requiring pesticide product registrants to supply adequate chronic toxicity testing for their products or lose their California registration is called "The Birth Defects Prevention Act."
Spontaneous Abortion
It is possible that more birth defects are not associated with pesticide exposures because of the toxicity to the embryo and fetus. The fetus may die very early in the pregnancy and be spontaneously aborted (Schardein, 1985a) . Spontaneous abortion, unfortunately, is an even more difficult area of reproductive epidemiology to study than birth defects. A study of maternal occupation and fetal death found farmworker women to be at increased risk for spon-taneous abortion (Vaughan, 1984) . A study in India found increased spontaneous abortion, stillbirth, and sterility in grape garden workers (Rita, 1987) .
CHRONIC EFFECTS FROM ORGANOPHOSPHATE PESTICIDES

Pesticide-Induced Delayed Neuropathy
While the acute toxic effects of organophosphate exposure are well characterized and documented (Namba, 1971; Morgan, 1982; Hayes, 1982) , little is known about neuropathological and neurobehavioral delayed or chronic effects in humans.
Certain organophosphates can cause a pesticide-induced delayed neurotoxicity (PIDN). Long and large diameter fibers in the spinal cord and peripheral nervous system are damaged. Demyelination results in muscle weakness that may progress to paralysis. The feet and legs are usually more severely affected than the hands and arms. Onset is usually two to four weeks after the acute exposure (Cherniak, 1986; Johnson, 1980; Soliman, 1982; Wilson, 1985) . Currently registered organophosphate pesticides found to cause PION in hens (the experimental animal used for testing) include EPN, trichlorfon (Dipterex), DDVP (Vapona), DEF, and isofenphos (Oftanol).
PIDN is thought to be the cause of severe neurological disease in 12 workers at a pesticide plant in Texas that manufactured leptophos (Phosvel) for export from 1971 to 1976. Four employees were diagnosed with multiple sclerosis, two with psychiatric disorders, and three with encephalitis, encephalomyelitis, and postinfectious encephalomyelitis. The National Institute for Occupational Safety and Health (NIOSH) investigated the plant in 1976 when the company applied to the EPA to market the product in the U. S. for use on cotton. NIOSH determined that the workers' neurological disease was work-related (Xintaras, 1978) . Leptophos had caused paralysis and death in thousands of water buffalo in Egypt, where it was being used on cotton.
Two case reports in the literature of suicidal ingestions of organophosphates indicate that humans may be more susceptible to PION than the hen. Chlorpyrifos (Lorsban, Dursban) may be implicated in PIDN in a 20-year-old man in Italy Amendments to federal and state pesticide laws and regulations that would protect farmworkers and better their working conditions are resisted in the agricultural and agrichemical industries. (Lotti, 1986) . Since chlorpyrifos is negative in the hen assay, is coming into increasingly wider use, and persists in body tissues longer than other organophosphates, it should be reevaluated in this regard.
Neurobehavioral Effects
Several early case reports document that organophosphate pesticides can cause profound mental and psychological changes in human beings. In one of the earliest studies, mental patients were used as research subjects; administration of the pesticide resulted in an apparently permanent exacerbation of acu te psychosis in one previously stable patient (Rowntree, 1950) . This was before the days of human rights research committees.
Several other cases reports of mental illness or severe psychological disturbances in pesticide applicators have been reported. Behavioral changes such as anxiety, difficulties in concentration, memory deficits, and other more subtle effects have Moses also been widely reported (Bowers, 1964; Brown, 1971; Dille, 1964; Duffy, 1979; Levin, 1976; Rodnitzky, 1975) . Neurobehavioral effects of pesticides were discussed in a recent review of delayed effects of pesticides (Sharp, 1986) .
Few follow-up studies have been done in people poisoned with pesticides to determine if any longterm or delayed effects were present. One such study examined 117 of 235 individuals three years after they had been reported by California physicians as occupationally poisoned by organophosphate pesticides, mainly parathion and Phosdrin (Tabershaw, 1966) . Thirty-three still had complaints three years later, in ten of whom the central nervous system was affected-mainly visual disturbances. No major psychiatric or neurological sequelae were found.
A recent study investigated neuropsychological status of 100 people who had been poisoned by organophosphate pesticides (mainly parathion) an average of nine years prior. Their scores on a battery of four tests were compared to the same number of non poisoned controls. The poisoned subjects had significant differences in measures of memory, abstraction and mood; twice as many had scores consistent with cerebral damage or dysfunction (24% compared to 12% of controls). MMPI (Minnesota Multiphasic Personality Inventory) scores showed greater distress and complaints of disability in the poisoned subjects (Savage, 1988) .
CHRONIC EFFECTS OF N-METHYL CARBAMATE PESTICIDES
The N-methyl carbamates such as aldicarb (Ternik), carbaryl (Sevin), methomyl (Lannate , Nudrin), and carbofuran (Furadan), are similar to the organophosphates in their acute toxicity, and like them are inhibitors of the enzyme cholinesterase. Except for an aldicarb-related tractor accident death of a young farmworker (Lee, 1984) , no occupational deaths have been reported from these compounds in the U. S.
Several episodes of consumer poi-soning from food contaminated with aldicarb have occurred, however. Two episodes of poisoning from aldicarb residues in hydroponic cucumbers have been reported (Goes, 1980) ; and in july, 1985, over 1,000 consumers became ill from eating aldicarb contaminated watermelon (Centers for Disease Control, 1986). The pesticide intermediate, methyl isocyanate (MIC), which caused the deaths and illnesses in Bhopal, India, is used in the manufacture of N-methyl carbamates. The N-methyl carbamates have not been thought to pose chronic problems. However, a study from Wisconsin found adverse effects on the immune system in women who drank water contaminated with low levels of aldicarb (Fiore, 1986) . Animal experimental data supports the findings in humans in that immune system effects were seen at very low levels (Olson, 1987) . Aldicarb is a lowlevel groundwater contaminant in Wisconsin, California, and other states (Cohen, 1984; Zaki, 1982) .
EFFECTS OF FUMIGANTS
Fumigants are the most highly toxic of all pesticide chemicals used in agriculture. They are highly biologically reactive compounds. Many are alkylating agents, mutagens, carcinogens, neurotoxins, and hepatotoxins.
These chemicals are gases, penetrating readily into the lungs where they enter the blood and are rapidly distributed throughout the body. Full respiratory protection is mandatory when working with these pesticides and death can occur rapidly if the fumes are inhaled, even for a short period of time. However, skin absorption can be a significant worker hazard as well (van den Oever, 1982 (van den Oever, , 1984 Zwaveling, 1987) .
Fumigants, as a class, have caused severe human illness and death (Behrens, 1986; Hine, 1969; Letz, 1984; Radimer, 1974) . Methyl bromide, a widely used soil sterilant and post-harvest fumigant in agriculture, as well as a structural fumigant, has been responsible for more occupational deaths in California than any other pesticide (Hine, 1969) . Toxic psychosis and irreversible neurological and neurobehavioral sequelae after recovery from acute poisoning, as well as more subtle effects from chronic exposures, have been reported (Anger, 1986; Greenberg, 1971; Hine, 1969; Prockop, 1986) .
The highly toxic fumigants DBep and ethylene dibromide, chemically Workers in agriculture are at a four times greater risk of skin disease than workers in other industries.
similar to methyl bromide and D-D (Telone) which has replaced them, were discussed in relation to sterility in male workers.
EFFECTS OF FUNGICIDES
Fungicides are not acutely toxic compounds, with acute median lethal dose (LD 50) being 5,000 mg/ kg or more for the most widely used ones. However, they pose the greatest risk of cancer, and several widely used fungicides are teratoge ns as well. The case of limb-reduction defect in a child whose mother was exposed to Captan and Benomyl was previously discussed. A recent report made some risk estimates for cancer in consumers who eat contaminated food (National Academy of Science, 1987) ; however, no studies on exposed workers have been done.
Several of the fungicides cause allergic contact dermatitis as well as primary contact dermatitis, with Captafol (Difolatan), Maneb, Mancozeb, and Benomyl being responsible for many of the reponed cases (Adams, 1983) .
EFFECTS OF HERBICIDES
Herbicides are the most frequently applied agricultural pesticide product. Although most herbicides are not acutely toxic, chronic toxicity and environmental contamination and drift are serious concerns.
Paraquat (Gramoxone) is one of the most widely used herbicides in the world. It is also the most toxic, and has been responsible for thousands of deaths. While many of the fatalities are due to suicidal ingestions (especially in Japan where it is estimated that over 1,300 suicides a year involve Paraquat), a large number have occurred from accidentally drinking the herbicide from unlabeled beverage containers or food jars, especially among children. Paraquat poisoning has no antidote or effective treatment if a sufficient amount of the chemical has been absorbed.
Acute poisoning with Paraquat can cause severe injury to the eyes, skin, nose and throat, as well as damage to the liver, kidneys, and myocardium. These effects, though severe, are reversible, with death being from asphyxiation due to pulmonary fibrosis. It was initially thought that death from Paraquat could not occur from dermal absorption. However deaths have been reported in farmers spraying dilute mixtures whose only exposure was through the skin (Fitzgerald, 1978) and from use as a scabicide, or to kill lice (Crome, 1986). Paraquat is an epithelial toxin and a powerful irritant that can cause epistaxis and severe dystrophy or complete loss of the fingernails (Howard, 1979) .
The mechanism of toxicity of Paraquat is believed to be reaction with molecular oxygen in the lung to form superoxide ion. How this causes the acute alveoli tis that leads to progressive pulmonary fibrosis and deaths is not known.
MPP is the metabolite of a street drug MPTP (l-methy-4-phenyl-1,2,3,6-tetrahydropyridine), which has been shown to cause Parkinson's disease in drug abusers. MPP is similar in structure to Paraquat, which raises the issue of the herbicide as a possible etiologic agent or risk factor for the disease.' Cases of Parkinson's disease in pesticide applicators (Bocchetta, 1986; Sanchez-Ramos, 1987) , as well as higher prevalence in agricultural areas of Quebec where there is pesticide use, have been reported (Barbeau, 1987) .
Dinoseb, another highly toxic herbicide from the dinitrophenol family, was suspended for most uses by the EPA in October, 1986. In 1983, a young Texas farrnworker, spraying Oinoseb and wearing a leaking backpack sprayer, died of acute poisoning from the pesticide three days after he began spraying.
Several widely used herbicides in the U.S. are oncogens and groundwater contaminants, such as alachlor (Lasso), 2,4-0, glyphosate (Roundup), and Simazine (Princep).
CONCLUSION
The realities of agricultural practice, the lack of legal protections, and severe weaknesses in the existing laws, combined with the toxic pesticides that are ubiquitous in the farmworkers' environment, make agricultural work especially hazardous. Farmworkers are exposed to toxic pesticides from many sourcesthe crops they cultivate and harvest, the soil in which the crops are grown, drift in the air and water from pesticides applied to adjacent fields or to the very field in which they are working.
Farmworkers live in homes surrounded by fields that are heavily and repeatedly sprayed. Pesticides are likely to be in the irrigation water, which many farmworkers must use for bathing and drinking due to the substandard living quarters provided by some employers. Pesticides may contaminate the groundwater from which they get their drinking water. Farmworkers are more likely to consume produce very soon after harvesting and thus may get more pesticide residues in their food than the general public.
Toxic occupational exposures start at a very young age, since agriculture is the only industry in which children comprise a significant part of the work force. Infants and very young children are often taken to the fields with their parents. Amendments to federal and state pesticide laws and regulations that would protect farmworkers and improve their working conditions are resisted in the agricultural and agrichemical industries. In this regard, it is of interest that the first ban on DDT in the U.S. was not by the EPA in 1972, but in a 1967 United Farm Workers' union contract with a California grape grower.
The public health task is clear. Not only must more resources and priority be given to biological monitoring and epidemiological studies of farmworkers, but also support given to the efforts of farmworkers and their unions to make their workplaces safe for themselves and their children.
Migrant and seasonal farmworkers are primarily ethnic minorities who are excluded from federal laws that protect other workers. Farmworkers live and work under substandard conditions that place them at increased risk of pesticide-related illness.
Agriculture uses 80% of all pesticides in the U.S. Handlers who mix, load and apply pesticides as well as workers cultivating and harvesting crops sprayed with them are at risk of acute poisoning or even death from their exposures. Drift and run-off of agricultural pesticides pollute the air, soil and water, creating additional hazards to workers' families, community residents, and the environment.
Chronic effects, including cancer in adults and children, adverse reproductive outcomes, delayed neuropathy and neurobehavioral effects, are also associated with occupational and environmental exposure to pesticides.
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